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Neurologic injury is one of the most devastating complications of combined carotid and 
cardiac procedures. Although the cause of the deficit is usually embolic, the exact cause is 
often not apparent at the time of surgery. We present a complex case of combined carotid 
endarterectomy, innominate artery reconstruction, and coronary artery bypass procedures 
in which intraoperative monitoring with somatosensory evoked potentials and transcra- 
nial Doppler ultrasonography combined with postoperative acetazolamide single photon 
emission computed tomographie scans was used to correlate intraoperative events with 
cerebral activity and functional results. Although computed tomographic scan, magnetic 
resonance imaging, and clinical evaluation were negative for any evidence of stroke, the 
patient exhibited subtle postoperative changes in neuropsychologic function. 'These 
changes were correlated with intraoperative microemboli detected by transcranial Dopp- 
ler monitoring, and postoperative acetazolamide single photon emission computed tomo- 
graphic scanning, which revealed bilateral cortical defects. (J Vasc Surg 1996;24:1017-21.) 
The management o f  patients who have concomi- 
tant severe coronary and carotid artery disease re- 
mains controversial. The risk o f  stroke or transient 
ischemic attack during coronary artery bypass graft- 
ing (CABG) procedures has been reported to be 
approximately 9.2% in patients who have significant 
carotid artery disease} A thorough postoperative 
neurologic examinanon performed after CABG may 
reveal subtle cognitive deficits in as many as 35% to 
50% o f  all patients. 2 Al though these complications 
are becoming more uncommon as a result o f  im- 
provements in cardiac surgical techniques, their pres- 
ence is still significant. The cause of  postoperative 
neurologic deficits is usually not  apparent. Embolic 
or thrombotic  episodes and global hypoperfusion 
occurring during cardiopulmonary bypass proce- 
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dures are the most common etiologic factors. We 
report a complex case o f  combined carotid endarter- 
ectomy, innominate artery reconstruction, and 
CABG in which intraoperative monitor ing with a 
combination o f  somatosensory evoked potentials 
(SEPs) and transcranial Doppler ultrasonography was 
used to correlate intraoperative events with cerebral 
activity. This data, combined with postoperative ac- 
etazolamide single photon emission computed to- 
mographic (SPECT) scanning, provided the ability 
to correlate intraoperative events with fimctional re- 
suits. 
CASE REPORT 
A 69-year-old male smoker consulted his physician 
because of a single episode of atypical, tight-sided amauro- 
sis fugax. The patient had mild peripheral vascular disease, 
but denied any episodes of stroke or transient ischemic 
attacks in the past. In addition, the patient had no history of 
diabetes mellitus, hypertension, angina, or myocardial in- 
farction. On physical examinanon, he was noted to have a 
right carotid bruit. Noninvasive valuation with duplex 
ultrasonography demonstrated an80% to 99% right inter- 
nal carotid artery stenosis and an elevated peak systolic 
velocity of 278 cm/sec at the origin of the common carotid 
artery, which suggested proximal disease. An arteriogram 
demonstrated an irregular, calcified, 85% m 90% stenosis 
along the entire course of the innominate artery (Fig. 1). 
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Fig. 1. Preoperative artetiogram demonsn-ates (A) calci- 
fied plaque in innominate artery, and (B) right internal 
carotid artery stenosis. 
The patient's clinical cardiac status was normal, and the 
results of a routine lectrocardiogram were negative for any 
signs ofischemia or previous myocardial infarction. A pre- 
operative thallium stress test, however, revealed areas of 
reversible ischemia nteriorly. A subsequent coronary an- 
giogram demonstrated a 65% stenosis of the left main 
coronary artery, an 85% stenosis of the proximal left ante- 
rior descending artery, an 85% stenosis of the circumflex 
artery, and a total occlusion of the right coronary artery. 
Because of the severity of the patient's carotid and coronary 
artery disease and the presence of tandem innominate ar- 
tery and carotid disease, revasculatization f all lesions was 
performed using a combined surgical approach with both 
cardiothoracic and vascular surgery teams. 
A standard median sternotomy with extension to the 
neck along the right sternocleidomastoid muscle was made 
to expose the aortic arch, innominate artery, and right 
carotid arteries. A large calcified plaque was noted at the 
base of the innominate artery extending into the aortic 
arch. The entire procedure was performed in three steps. 
First, a bypass of the innominate l sion was performed by 
inserting a 10-mm Dacron graft from the side of the 
ascending aorta to the end of the distal innominate artery. 
Next, a right carotid endarterectomy with vein patch was 
performed. Finally, coronary artery bypass grafts to the left 
anterior descending artery using the left internal mammary 
artery and saphenous vein grafts to the tight coronary and 
circumflex arteries were placed. Intraoperative monitoring 
using SEPs revealed only minor reductions in ipsilateral 
SEP amplitude during innominate artery reconstruction 
and carotid endarterectomy, and therefore no shunt was 
required. SEP amplitudes did become attenuated during 
the cardiopulmonary bypass procedure when the patient's 
core body temperature was lowered to 29 ° C even though 
blood pressure and flow were maintained (Fig. 2). Addi- 
tional intraoperative monitoring with transcranial Doppler 
ultrasonography demonstrated a hyperemic response at the 
completion of cardiopulmonary b pass and 30 seconds of 
microemboli during the unclamping of the aorta (Figs. 3 
and 4), which correlated with a major reduction in the 
contralateral SEP amplitude. After surgery, the patient was 
neurologically intact and had no focal deficits; however, 
mild changes in psychometric testing manifested by a 
change in handwriting were noted for approximately 48 
hours, but resolved completely. A postoperative acetazol- 
amide SPECT scan revealed changes consistent with micro- 
emboli to the right temporoparietal cortex and bilateral 
frontal cortexes. The patient was discharged home on the 
seventh day after surgery after an uneventful hospital 
COurse. 
DISCUSSION 
Studies have shown an increased incidence of 
stroke in patients who have significant carotid artery 
disease who undergo CABG. Hertzer et al.3 reported 
a stroke rate of 8.9% in a group of 275 patients with 
significant carotid artery disease who underwent 
CABG. This rate was far greater than the overall 
stroke rate of 1.3% for all patients who undergo 
CABG in his institution. The cause of stroke after 
cardiopuhnonary b pass is multifactorial. Postopera- 
tive deficits may range from focal neurologic findings 
to subtle cognitive deficits. Possible causes include 
embolic events as a result of cross-clamping an ath- 
erosclerotic ascending aorta, emboli from air in the 
bypass circuit or a left ventricular mural thrombus, 
thrombosis of  a partially occluded carotid artery, or 
hypoperfusion towatershed areas of  the brain during 
cardiopulmonary b pass. The lower arterial pressures 
and nonpulsatile character of the flow generated dur- 
ing cardiopulmonary b pass may cause critical reduc- 
tion of cerebral perfusion during cardiac surgery. 4 It 
is also believed that cardiopulmonary b pass proce- 
dures may alter autoregulation i  the cerebral arter- 
ies. s The majority of strokes that follow CABG, how- 
ever, are embolic in nature and are not caused by 
diminished flow through diseased carotid arteries 
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Fig. 2. Graph of SEP amplitudes during procedure demonstrates minor reduction in right- 
hemispheric amplitudes during innominate artery reconstruction a d carotid endarterectomy, 
bilateral drop in amplitudes with systemic ooling on cardiopulmonary b pass, and decreased 
SEP amplitudes in contralateral hemisphere during removal ofa0rtic cross-clamp. 
during a bypass procedure. 6 Although stroke is the 
most noticeable neurologic deficit that complicates 
these procedures, detailed tesnng may reveal mild 
neuropsychologic dysfunction in many patients. In a 
study of 245 patients who underwent cardiac surgical 
procedures, 28% showed some deterioration i neu- 
ropsychologic testing when compared with scores 
from preoperative tests. This deficit was not pro- 
tracted, however, with more than 80% of patients 
returning to their baseline level within 6 months. 7
Although embolic events are probably the most com- 
mon cause of  postoperative neurologic deficits, the 
exact cause at the time of surgery is usually not 
apparent. The intraoperative monitoring techniques 
of  transcranial Doppler and SEPs can provide a con- 
tinuous evaluation of cerebral circulation during car- 
diopulmonary bypass procedures. When these tech- 
niques are used in conjunction with preoperative and 
postoperative acetazolamide SPECT scans, mtraop- 
erative neurologic events can be correlated with post- 
operative functional results and cerebral activity. 
The use of  SEPs for the evaluation ofintraopera- 
rive cerebral ischemia during carotid surgery is based 
on the interrelationships between cerebral blood 
flow, brain metabolism, and electrical responses of  
the nervous system to sensory stimuli. 8 SEPs are 
initiated by stimulation of  the median nerve at the 
wrist and are recorded in the contralateral somatosen- 
sory cortex. The amplitude of  the median nerve SEPs 
is an index of vascular integrity as well as the adequacy 
Fig. 3. Transcranial Doppler monitoring shows (A) nor- 
mal baseline peal; systolic velodty, and (B) embotic episode 
occurring after eIease of aortic cross-clamp. 
of  collateral circulation to the primary somatosensory 
cortex. A reduction in SEP amplitude or prolonga- 
tion of its latency has been found to indicate cerebral 
ischemia. 9 Cerebral perfusion of 40 to 60 ml per 100 
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Fig. 4. Graph of transcranial Doppler peak systolic velocity during procedure demonstrates 
hyperemic response after unclamping of aorta. 
gm of brain per minute is adequate to maintain 
normal cerebral fimction and metabolism and to 
generate normal SEEs. Cortical SEPs are attenuated 
when regional blood flow falls below 18 ml/100 
gm/min  and disappear at bout 15 ml/100 gm/  
rain, with irreversible cell damage occurring at 10 
ml/100 gm/min.  10 Although systemic hypothermia 
during cardiopulmonary b pass procedures results in 
decreased cerebral metabolic demand, reduction in 
SEP amplitude should reflect low-flow states to the 
brain that occur at the time of surgery. 
Transcranial Doppler ultrasonography uses a 2 
MHz probe placed over the temporal bone of the 
skull to measure continuous blood flow in the middle 
cerebral artery. The normal mean systolic velocity in 
the middle cerebral artery is approximately 62 cm/  
sec, and significant cerebral ischemia occurs when the 
velocity falls below 30 cm/sec. 11 Velocities below 
this level during carotid surgery suggest the need for 
inserting an intraluminal shunt. However, in addition 
to being very sensitive to changes in cerebral blood 
flow during surgery, transcranial Doppler scans are 
also valuable in detecting intraoperative c rebral em- 
boll. This method, when used during cardiac surgical 
procedures, is useful in correlating the cause ofintra- 
operative neurologic events with resulting postoper- 
ative deficits and whether they are caused by embofic 
episodes or low-flow states. This can help our under- 
standing of cerebral events during cardiac surgery, 
especially in patients who have existing carotid artery 
disease. 
Acetazolamide SPECT scanning is another tech- 
niqu e used for evaluating cerebral perfusion and low- 
flow states. Performing the Tc-99m hexamethyl-pro- 
pyleneamine-oxime-labeled SEECT scan after the 
intravenous administration of acetazolamide further 
enhances the evaluation of cerebral hemodynamic 
reserve. The administration of acetazolamide b fore 
scanning functions to increase arterial pCO 2 levels, 
which results in cerebral vasodilatation. Acetazol- 
amide SEECT scans reveal low-flow or ischemic 
states that are not clinically evident. This method, 
when used before surgery, can be used to assess the 
severity of carotid artery disease, especially in asymp- 
tomatic patients. When used after surgery, as demon- 
strated in this case, areas of ischemic injury that are 
not grossly evident clinically can be readily visualized. 
As seen in this case, intraoperative monitoring 
with SEEs and transcranial Doppler scans can provide 
insight into the cause of cerebral events that occur 
during cardiopulmonary b pass procedures. During 
the innominate artery reconstruction and right ca- 
rotid endarterectomy, no emboli were visualized on 
the transcranial Doppler scan. The SEEs showed only 
minor reductions in the ipsilateral hemisphere and no 
significant changes in the contralateral hemisphere. 
This minor decrease in SEP amplitude was most likely 
a result of decreased cerebral blood flow. During 
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systemic ooling on cardiopulmonary b pass, SEP 
amplitude decreased bilaterally, with no significant 
change in the transcranial Doppler peak systolic ve- 
locity (Figs. 2 and 4). At this point in surgery, there 
were no fluctuations in systemic blood pressure, and 
the flow rate on cardiopulmonary b pass was main- 
rained constant. The global alteration in SEP ampli- 
tude can bc explained by decreased cerebral metabo- 
lism caused by hypothermia. Systemic rewarming at 
the completion of the cardiopulmonary b pass pro- 
cedure resulted in normalization of the right-hemi- 
spheric SEP, increased amplitude of the left-hemi- 
spheric SEP, and elevation of the peak systolic 
velocity registered on the transcranial Doppler scan. 
These findings suggest conservation ofcerebral auto- 
regulation. Removal of the aortic cross-clamp at the 
completion of  the CABG procedure resulted in a 
showering of emboli detected by transcranial Dopp- 
ler. This embolic event resulted in significant cerebral 
dysfunction and neuronal injury, which was reflected 
in a minor reduction in SEP amplitude in the right 
hemisphere and a major reduction in the left hemi- 
sphere. Attenuation of  contralateral SEP amplitude 
farther demonstrates that this neuronal injury was the 
result of an embolic event and was not related to a 
low-flow state. Although the patient had no gross 
neurologic deficits and only mild neuropsychologic 
impairment, he postoperative acetazolamide SPECT 
scan confirmed bilateral cerebral injury caused by 
emboli. These lesions were not visible on postopera- 
tive computed tomographic scans and magnenc res- 
onance images of  the head. 
CONCLUSION 
We have presented an investigative study using a 
single case to demonstrate he value ofintraoperanve 
monitoring with SEPs and transcranial Doppler scans 
in detecting cerebral events that occur during com- 
bined carotid endarterectomy, innominate artery re- 
construction, and CABG. Our own clinical experi- 
ence using SEPs alone and in conjunction with 
ncranscranial Doppler monitoring has shown SEP 
monitoring to be a valid tool for detecting cerebral 
ischemia during carotid endarterectomy. Although 
the use of these combined methods appears to be 
costly and may not be appropriate in all cases, their 
use as an investigational tool can be extremely helpful 
in determining whether cerebral events are a result of 
carotid endarterectomy or cardiopulmonary b pass. 
This information can assist both vascular and cardio- 
thoracic surgeons in refining their surgical technique 
to avoid neurologic complications. In addition, 
knowledge of the specific cause ofneurologac events 
that occur during combined procedures can deter- 
mine the inherent risks involved, elicit the patient 
populations in which combined procedures hould 
be performed or avoided, and identify the proper 
sequencing of these operations. As demonstrated in 
this paper, transcranial Doppler and SEP monitoring 
used in conjunction with acetazolamide SPECT scan- 
ning caaa demonstrate ipsilateral and contralateral 
cerebral events that occur during combined carotid, 
innominate, mad cardiac procedures and help to de- 
termine their canse. 
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